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tflST OF FXGORES 
FILTER MEDIA CHARACTERIZATION 
(SECTION A) 


Pago 

Contaminant Toleranc# Tests 







hi 

80 X 700 TODHj Mater, AC Fine Dust 



A2 

165 X 1400 TODW: Water#, AC Fine Du8t« 



A3 

325 X 2300 TDDM* Water, AC Fine 



A4 

30 X 250 TDOWj Water, AC Coarse Oust 


3 

AS 

30 X 370 TDDM: Mater, AC Coarse Dust.*. 



M 

40 X 550 TOOWs Mater, AC Coarse Oust. 



A7 

80 X 700 TODW: Water, AC Coarse Dust 



A8 

16 5 X 1400 TDDW: Water# AC Coarse Dust.. 



A9 

200 X 1400 TDDWj Mater, AC Coarse Dust 



AlO 

325 X 2300 TDDW; Mater, AC Coarse Dust 



All 

450 X 2750 TDDW': Mater, AC Coarse Dust 



A12- 

30 X 150 PDSW: Mater, AC Coarse Dust 


7 

AI3 

30 X 160 PDSWt Water# AC Coarse Dust. * 


8 

A14 

80 X 400 PDSW: Mater, AC Coarse Dust 



A15 

165 X 800 PDSW4 Water, AC Coarse Dust 


9 

A16 

180 X 900 PDSW: Water# AC Coarse Dust.. 


9 

A17 

2 X 120 X 650 PDSW: Mater, AC Coarse Dust 


10 

A18 

2 X 150 X 800 PDSW: Water# AC Coarse Dust.... 


10 

A19 

400 X 400 TSW: Water, AC Coarse Dust 



A20 

508 X 508 TSW: Water# AC Coarse Dust...... 



A21 

635 X 635 TSW: Water, AC Coarse Dust * 



A22 

850 X 850 TSW: Water, AC Coarse Dust.... 


12 

A23 

Dynalloy X: Water, AC Coarse Oust 


n 

A24 

165 X 1400 TDDW: Mil-lf’5606, AC Coarse oust..... * 


..,.13 

A25 

200 X 1400 TDDW: Mil*H-5o06, AC Coaise uusr 



A26 

325 X 2300 TDDW: Mil-H-5606, AC Coarse 


14 

A27 

30 X 150 PDSW: Mil-*H-’5606 , AC Coarse oust..* 


.15 

A28 

80 X 400 PDSW: Mil-H-5606, AC Coarse Dust 


15 

A29 

165 X 800 PDSW; Mil-H-SoOt, AC Coarse DUSt. • 


16 

A30 

2 X 120 X 650 PDSW: Mi1-H'"5p0p# AC coarse 


16 

A31 

165 X 1400 TODW: JP-4, AC Coarse Dust... 




iv 


tlST OP FIGURES (continued) 


Paae 


r»ntaminant Tolerance Teats 


M3 30 X 150 POSW: JF-4. hC Coarse Dust 

Ml 

M4 80 X 400 POSW: JR- 4 . AC Coarse Oust 


A35 165 X 800 PDSWs JF-4. AC Coarse Dust 

19 

»36 2 X 120 « 050 POSH, JP-4. »C C»PS. 


»3, ioS X »0O TDOW, EU.P1.X. 01pcol-«.t.r. *C C.r.. 

20 

A30 225 X 2300 TDDM. Etl.pl.oe Olycol-W.t.r , K Co.... »«t 

20 

A39 30 X 150 PDSW: Ehtylene Glycol-Water, Au Cuaise Dust 

21 

A40 30 X 160 PDSW. . EtDpl... Dlpc.l-««t. »C Co.... 

21 

A41 80 X 400 PDSW. Ethylene Glycol-Water. AC Coarse Dust. 

22 

A42 165 X 800 POSWj Ethylene Glycol-water, AC Cwdiss Duct 

22 

A„ 2 X 120 X 650 PDSW. Ethyl... Glycol-W.t.. . K CO.«. Oust 

23 

A44 30 X 250 TDDW: 50 psi Oxygen, AC coarse Du 

23 

A45 80 X 700 TDOW: 50 psi Oxygen, AC Coarse Dust... 

24 

A46 80 X 700 TDDWt 400 psi Oxygen, AC Coarse Dust. .. • 

24 

A47 165 X 1400 TDDW: 50 psi Oxygen. AC Coarse Dust. .. . 


A« 165 X 1400 TDDW, 400 p.i OXPO... C..t4. 


A49 325 X 2300 TDDW: 50 psi Oxygen, AC Coarse Dust 


A50 325 X 2300 TDDW: 400 psi Oxygen, AC Coarse Dust.... 


A51 30 X 250 TDDW: 50 psi Hydrogen. AC Coarse Dust... 


A52 30 X 250 TDOW: 400 psi Hydrogen, AC Coarse Dust. 

27 

AS3 80 X 700 TDDW: 50 psi Hydrogen. AC Coarse Dust 

28 

A54 80 X 700 TDOW: 400 psi Hydrogen, AC Coarse Dust. .. . 

28 

A55 165 X 1400 TDDW: 50 psi Hydrogen. AC Coarse Dust 


A56 165 X 1400 TDDW: 400 psi Hydrogen. AC Coarse Dust.... 


A57 325 X 2300 TDDW: 50 psi Hydrogen, AC Coarse Dust 


A58 325 X 2300 TDDW: 400 psi Hydrogen, AC Coarse Dust 


A59 325 A 2300 TDDW: Water, 


A60 325 X 2300 TDDW: Water, WSTP (Jiw tiij.... 


■I 

■4 


LXS7 OF TABLES 

FILTER MEDIA CHARACTERIZATION 
(SECTION B) 


Contaminant Tolerance Testa 


B1 

80 X 700 TDOW: 

Water, AC Pine Dust 


j 

B2 

165 X 1400 TDDW: 


37 

1 

B3 

325 X 2300 TDDM: 

Mater, AC Fine Dust * 


i 

i 

B4 

30 X 250 TW)W: 

Mater, AC Coarse Dust. 


i 

i 

B5 

30 X 370 TDDW aad 40 x 500 TDDWt water, 


1 

i 

B6 

80 X 700 TDDW: 

Water, ac coarse 


\ 

B7 

165 X 1400 TDDW 

; . Water, AC Coarse Dust 


t 


B8 200 X 1400 TODWj Mater, AC Coarse Dust 

43 

B9 325 X 2300 TDDWi Mater, AC Coarse Dust... 

^ ^ 44 

BIO 450 X 2750 TDDM: Mater, AC Coarse Dust 

^ ^ 45 

Bll PDSM Mire Cloth: Mater, AC Coarse Dust 

46 

B12 PDSM (Double Marp) » Water, AC Coarse Dust * 

^ ^ 47 

B13 TSM Mire Cloth: Mater, AC Coarse Dust.. - 

4 8 

B14 Sintered Metal Fiber Pelt: Water, AC Coarse Dust 

^ 49 

B15 TDDWs Mil-H-5606, AC Coarse Dust 

^ ^ 50 

B16 PDSM: Mil-H-5606, AC Coarse Dust 

51 

B17 TDDM: JP-4, AC Coarse Dust * 

52 

B18 PDSM: Jp-4, AC Coarse Dust 

*.«*•••• S3 

B19 TDDM: Ethylene Glycol-Water, AC Coarse Dust 

54 

B20 PDSM: Ethylene Glycol-Water, AC Coarse Dust..... 

.55 

B21 TDDM: Gaseous Oxygen, AC Coarse Dust 

B22 30 X 250 TDOW: Gaseous Hydrogen, AC Coarse Dust Iron Pyrite Mixture 56 

B23 80 x 700 TDDW: Gaseous Hydrogen, AC Coarse Dust Iron Pyrite Mixture..... 57 

B24 165 X 1400 TDDW: Caseous Hydrogen, AC Coarse Dust Iron Pyrite Mixture 58 

825 325 X 2300 TDDW: Gaseous Hydrogen, AC Coarse Dust Iron Pyrite Mixture...... 59 

60 

B26 325 X 2300 TDDW: Water, PPO. 

B27 325 X 2300 TDDW: Water, WSTF Mixture 


Flow Resistance Teats 

B-28 TDDW in Muter 

B29 PDSM in Mater 

830 120 X 600 BMT in Water. 




XtXST or TABXiS? (eontinovd) 


Ml TSW in 

»32 P8W In 

M3 Syathntie MonofilMnnt Hovnn Cloth in Wntnr. ...... 

»34 ribor rolt (Dynnlloy X) in • 

MS Mott Potoot Motnl Plltor* in 

B3S Hubrnno Piltnrn in Mntos. ...«• 

M7 TODW in Mil-H-5«0« Hydrnallc Fluid 

B38 PMW in Mil-H-seoS Hydrnulio Fluid. 

B3S psie in Mil-B-5606 Bydrnulie Fluid 

B40 TDDH and POSH in Bthylonn Glycol-Metnr 

B41 Vntiou* Filtnr Modi* in 

B42 30 X 250 TOOM in G«MOun 

B43 80 X 700 TOOK in GMOOtt* Nitrognn. 

B44 145 X 1400 TOW in Onaooua Bitxognn 

B45 325 X 2300 TDBlf in Onanouo Bitrogoa 

B44 30 X 250 TODM in Oanoou* Oxygnn 

847 80 X 700 TDDW in QM«ou« Oxygon 

848 185 X 1400 TOW in Gnooouo Oxygon 

849 325 X 2300 TOW in Gnooouo Oxygon 

BSO TODB in Gnooouo Bolium 

B51 POSB in Gnooouo 

B52 325 X 2300 TOW in Gnooouo Bydrogon 

BS3 185 X 1400 TODM in Gnooouo Bydrogon 

B54 80 X 700 TOW in Gnooouo Bydrogon 

B55 30 X 250 TOW in Gnooouo Bydrogon 

B58 Tnro Vnluoo (Spociwon Boldor) in liguid Nitrogen 

B57 30 X 160 PDSN in liquid Nitrogen....... 

858 80 X 400 POSH in liquid Nitrogen .• 

B59 2 X 120 X 850 POSH in liquid Nitrogen 

880 30 X 250 TOW in liquid Nitrogen 

861 165 X 1400 TOW in liquid Nitrogen. . 

882 80 X 700 TOW in liquid NiUogon 

863 325 X 2300 TOW in liquid Nitrogen 

884 Tore Vnluoo (flpecinon Holder) in liquid Oxygen.. 
865 30 X 160 PDSW in liquid Oxygon 


Pngq 
,. 65 
.. 88 
.. 87 
..88 
...69 
... 70 
...71 
...72 
...73 
... 74 
... 75 
...76 
...77 
...78 
, ... 79 
. ... 80 
. ... 81 

82 

. . • . 83 
. . . . 84 
. . . . 85 
. . . . 86 
. . . . 87 
#« . . 88 
.... 89 
. . ^ .90 
....91 
> « . • .92 
.....93 

94 

I . . . *95 

98 

97 

. . * . -98 


99 


vil 


UST or TAStSS (eentinMd) 


M X 400 row in Uottid Oxyo«a 

SC? 2 X 120 X C50 POSH In UquiO Oxygxn 

30 X 280 TOOT in Uquid 

MO 80 X 700 TOOT in Uquid Oxyqxn 

870 165 X 1400 TDOW in Uquid 

871 325 X 2300 TOOT in. Uquid 0)99«n 

872 30 X 160 posit in Uquid Oxyqun 

873 80 X 400 POSH in Uquid Oxyqun 

874 2 X 120 X 650 POSH in Uquid Oxygxn 

875 30 X 250 TOOT in Uquid Oxyqun < 

876. 80 X 700 TOOT in Uquid 

877 165 X 1400 TOOT in Uquid Oxyqnn 

878 325 X 2300 TOOT in Uquid Oxygen 

879 i^eifie Gravity and Viscetlty of UqUd Oxygan 



101 

102 

103 

104 
105. 
106 
107. 
108 

109 

110 
111 
112 
113 


viil 


1 


I 


I 


VOMM089 


VoluM 111 o« th« "ShttttU nit«r Study* finsl contain* t**t data obtatnad from flo» 

roalataneo and contai*lnant tolorano# t#*ta on tha varioua poroua madia avaluatad in tha di£* 
farant floida. Tha data ara pcaaantad in both graphical and tabular fora*. 

Taat ptocadura* for both flea raaiatanca and contaninant tolaranca taatlng are prwanted. 
•ad tha davalop«nt of a ayatam for contlnuou*ly adding contaminant at a pradatamlnad rata 
to a flowing fluid atraam i* daacribad. 

Alao included in thia volume i* a aaction daacribing the davilopmant affort of tha *alf- 
indexing filter. Thia concept waa adapted during thia program for various Shuttle applica- 
tions. 
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FIGURE A36 
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FIGURE A37 
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FIGURE A3 9 
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LZST or TABLES 

riLTER MBOXA CHARACTBRXZATXON 
(SECTION B) 


Contninant TDlTaac* Testg — ^ 

35 

Bl 80 * 7(!0 TDOWt Kater, AC Pina Dust 

3€ 

B2 165 X 1400 TWJWt Water, AC Pine Dust.. 

B3 325 .x 2300 TDDH* Water, AC Pine Dust 

B4 30 X 250 TDDWs Water, AC Coarse Dust... 

B5 30 X 370 TDDW and 40 x 500 TDDW: Water, AC Coarse Dust 39 

B6 80 X 700 tddWj Water, AC Coarse Dust - 

B7 165 X 1400 TDDW: . Water, AC Coarse Dust * ^3 

B8 200 X 1400 TDDW: Water, AC Coarse Dust 

B9 325 X 2300 TDDW: Water, AC Coarse Dust 

BIO 450 X 2750 TDDW: Water, AC Coarse Dust...., ** 

Bll PDSW Wire Cloth: Water, AC Coarse Dust 

B12 PDSW (Double Warp): Water, AC Coarse Dust 

B13 TSW Wire Cloth: Water, AC Coarse Dust 

B14 Sintered Metal Plber Pelt: Water, AC Coarse Dust. 

BIS TDDW: Mil-H-5606, AC Coarse Dust 

B16 PDSW: Mil-H~5606, AC Coarse Dust **®® 

B17 TDDW: JP-4, AC Coarse Dust 

52 

B18 PDSW: Jp-4, AC Coarse Dust 

B19 TDDW: Ethylene Glycol-Water, AC Coarse Dust.... 93 

B20 PDSW: Etlvl«n« Glycol-Water, AC Coarse Dust 

B21 TDDW: Gaseous Oxygen, AC Coarse Dust * • * 

B22 3t' X 250 TDDW: Gaseous Hydrogen, AC Coarse Dust Xron Pyrite Mixture... 56 

B23 80 X 700 TDDW: Gaseous Hydrogen, AC Coarse Dust Xron Pyrite Mixture >.57 

B24 165 X 1400 TDDW: Caseous Hydrogen, AC Coarse Dust Xron Pyrite Mixture 58 

B25 325 X 2300 TDDW: Gaseous Hydrogen, AC Coarse Dust Xron Pyrite Mixture ......59 

B26 325 X 2300 TDDW: Water, PPO 

B27 325 X 2300 TDDW: Water, HSTP Mixture 310-PTP 

Plow Hesiet<inee Tests 

B-28 TDDW in Mater 

B29 PDSW in Water 

B30 120 X 600 BMT in Mater 



? 

i 


' '♦ 


} 

i 


A 


UST or VABISS (continued) 


131 *81 In 

•31 rsi in Hntor 

•33 S^thotio Monofileaent Wovon Cloth in Wetos 

•34 rihor rolt (Dynollor X) in Motor - 

•3S Mott rorouo Motol Filtoro in Motor 

•34 Moahrono Filtoro in Motor. 

•37 tWM» In Mil-B“5604 Bydroulio Fluid 

•31 roSW in mi*B-5<0« Bydroulio Fluid 

•33 rSM in Mil-B«S606 BF^TOttlio Fluid 

•40 TOBM ond roSM in Xthylono Glycol-Motor 

•41 Various Filter Nadia in JF-4. 

•42 30 s 2S0 TDDM in Goooous Nitrogfn.. 

•43 80 X 700 TOON in Gosooua Mitrogon. 

•44 14S X 1400 TOON in Gosoous Nitrogen 

•45 325 X 2300 TOON in Gosoous Nitrogen 

•44 30 X 250 TOON in Goaeotts Oxygon 

•47 80 X 700 TOON in Gooeous Oxygon 

•48 145 X 1400 TOON in Gosoous Oxygon 

•49 325 X 2300 TDDM in Gosoous Oxygon 

•50 TDDM in Gosoous Beliusi. 

•51 VOGN in Gosoous Helium 

•52 325 X 2300 TDDM in Gosoous Hydrogen 

•S3 145 X 1400 TDDM in Gosoous Hydrogen 

•54 80 X 700 TDDM in Gosoous Hydrogen 

•55 30 X 250 TDDM in Gosoous Hydrogen. 

•54 Tore Volues (Specimen Holder) in Liquid Nitrogen 

•57 30 X 140 PDSN in Liquid Nitrogen 

•58 80 X 400 PDSN in Liquid Nitrogen 

•59 2 X 120 X 450 PD8M in Liquid Nitrogen 

•40 30 X 250 TDDM in Liquid Nitrogen 

•61 145 X 1400 TOON in Liquid Nitrogen 

•42 80 X 700 TOON in Liquid Nitrogen 

•43 325 X 2300 TDDM in Liquid Nitrogen 

•44 Toro Values (Specimen Holder) in Liquid Oxygon.. 
•45 30 X 160 PDSN in Liquid Oxygen 


S&9& 

.65 
, €4 

.67 
. 68 
. 69 
. 70 
. 71 
. 72 
. 73‘ 
. 74 
. 75 
. 76 
. 77 
. 78 
. 79 
. SO 
.81 
.82 
.83 
.84 
.85 
..86 
..87 
..88 
..89 
..90 
..91 
.<92 
..93 
..94 
..95 
..96 
.97 
.98 
. 99 


UST or TMNJSS (centinuad) 


Bd< 

HC7 

Bfl 

BC9 

•70 

•71 

•72 

•72 

•74 

•7S 

•74 

•77 

•7t 

•7$ 


00 X 400 rDSn in Uquid Oxyqan 

2 X 120 X eso roSN in Liquid Oxyqaa 

30 X 290 root? in Liquid Oxyqan 

80 X 700 TJXm in Liquid Oxyqan 

109 X 1400 TDOW in Liquid Oxyqan 

229 X 2200 tDOW in Liquid Oxyqnn 

30 X ICO FOOIf in Liquid Oxyqan 

•0 X 400 POSir in Liquid Oxyqan. 

2 X 120 X 090 FOeif in Liquid OX79«a 

20 X 290 rODW in Liquid Oxygnn 

10 X 700 VDON in Liquid Oxygen 

109 X 1400 TOON in Liquid Oxygen 

229 X 2200 TOON in Liquid Oxygnn 

Opneidie Oravity and Viaooaity of Liquid Oxygen 



101 

102 

103 

104 
109 
100 

107 

108 

109 

110 
111 
112 
112 


TABLE B-1 


COXTAMIKANT T<^t.C1X.\CE 0? 80 x 700 TDDW 
Deionzied Kater 3 77 • 82*F, Contaminant: AC. Fine Dust 


Fiow/Onit Area 
gpn/ltt^ 

bI 

Ac cun. 
Add, 
tig. 

Accun. 

Add. 

ng/in- 

Net. psid 

Sample Number • 

1 

2 

0.126 

0 

30 

30 

30 

30 

SO 

30 

30 

30 

0 

30 

60 

90 

. 120 
150 
180 
210 . 
240 

0 

18.9 

37.9 
35.B 
75.8 
94.7 

114 

133 

152 

0.04 

0.06 

0.10 

0.27 

0.90 

2.6 

8.8 

42 

109 

0.05 

0.04 

0.05 

0.26 

0.89 

2.32 

8.4 

44 

104 

1 

0 

0 

0 

0.05 

0.02 


30 

30 

IS. 9 

0.09 

0.09 


30 

60 

37.9 

C.2S 

0.44 

0.316 

30 

90 

56.8 

1.3 

5.33 


30 

.120 

75. S 

23 

71 


30 

150 

94.7 

125 



0 

H 

0 

0.32 



10 


6.3 

0.92 



10 


12.6 

1.12 



10 


18.9 

1.31 



10 

40 

25.3 

1.59 


2.21 

10 


31.6 

2.10 



10 


37.9 

2.95 



10 

70 
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TABX£ B-2 


C0N7A:{IXANY T0LER.\XCE Or 165 X 1400 TDDV.* 
Deionized Water 3 7S - S5’r, Contaninant; AC Fine Dust 




































TABLE B-3 

COm:!INANT 70LE.1ANCE 0? 525 x 2500 TDD» 
Deionizea Vater 3 TS - Contar. inant : AC Fine Dust 


Flow/Unit Area 
gpr./ir*2 


Add 

Size, 

ng. 


Accun. Accun. 
Add, Add,, 

ng. ng/in- 


0 

6.3 

12.6 

15. 9 
2S.3 
31.6 

37.9 
44.2 


Net psid 


Sample Number 





0.20 

0.50 

0.84 

8.62 

27 

45 

73 


0 

0 

0.37 

s 

3.16 

0.69 

10 

6.31 

1.14 

IS 

9.47 

2.84 

20 

12.63 

12 

25 

15.78 

46 

30 

18.94 

102 

0 

0 

2.95 

4 

2.S 

3.95 

S 

5.1 

5.95 

11 

6,9 

8.75 

14 * 1 

8.8 

14.5 

17 

10.7 

24.0 

21 

13.3 

49.5 

0 

0 

3.15 

4 

. . 2.5 

4.60 

8 

5.1 

6.85 

12 

7.6 

12 

16 

10.1 

22 

20 

12.6 

47 

24 

15.2 

97 

0 

0 

14.5 

3 

1.89 

19.0 

6 

3.79 

25.0 

9 

3. 6S 

40.5 

12 

7. 58 

63.5 


63.0 


























. TA8U: -B-4 

gQXTA.MlXAXT CAPACITY OF SO X 250 TWILLED DUTCH DOUBLE WEAV^E WIRE CLOTH 
Fluid: Deionised Keter; Type Contaminant; AC Coarse Dust 


Contaminant 


AccumJAccum. 


SI. 7 


IlS.S 


Is. 8 


Adis , 
{mg/in< 


51.7 
63.4 

95.1 
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205.9 

221.7 
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0 

31.7 
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126.8 
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221.9 
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253. 5 
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Flow Rate 


Tine 
Int.i 
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63.4 { 
126.8 
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221.9 
237.7 
253.5 

269.3 
285.1 

300.9 


63.4 


7.9 


6 

|63.4 

126. 5 

190.2 

2:1.9 
23 :. T 

253.5 

269.3 
|2::.2 
285.1 


10.5 6.63 


3.3 2.21 


0.22 I 0.136 


0.46 0.289 


5.40 
5.95 
6.70 
7,82 
9.55 
12.25 

14.52 
17.62 
22.30 

29.40 
42.50 

0.71 

0.83 

0.99 

I.IS 

1.44 

2.03 

3.52 
8.85 

32.071 



2 


Temp, 

Net 

_P 

Temp 

*F ■ 

oMln 

*F 

72 

3.66 

77 

75 

6.00 
6. SO 
7.94 

80 

76 

9.75 

12,87 

82.5 

77 

15.27 

19.00 

24.82 

85 

78 

34.42 

50.28 


75 

0.81 

75 

75 

0.85 

0.99 

1.19 

1.53 

75 


2.05 
3.28 

7.05 
12.30 
26,32 


75 

60.60 

:s 


Sample Number 
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0.01 

0.02 

0.27 

1.90 
1.95 
6.93 
14.23 
22.66 

31.90 

79 

79 

0 . 01 
0.01 
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0.11 
0.72 
2.70 
8.85 
19.37 
35.34 
48.43 

0.12 

73.5 

0.11 

0.14 


0.14 

0,17 


0.17 

0.32 


0.36 

1.05 


1.40 

2.84 


4.82 

17.34 


15.57 

53-. 73 


36.43 

41.73 


43.05 

50.3! 

- 

74 

57. 60 


78.5 


78.5 


75 


75.5 


Avg. 

• 

Net 

Avg, 

AP 

Temp 
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9.65 

12.561 

14.9 

18.3 
23.6 

31.9 

46.4 


0.76 

0.84 
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1.17 
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3.40 

7.95 

12.3 

29;2 
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Sm 


74.5 
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1.31 
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7.89 
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75 


75 
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0.14 

0.17 

0.34 

1.23 

3.83 

16.46 

35 . 0 a 

44.8? 

53.96 


74.3 


■4,9 
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TASLE B-5 

Cn\TiC^ 1 IXA.\T T01.F.PAXCE OF 50 x 570 f. 40 X 550 TDPV 
Fluid: Deionised Kater 9 78 - 87* F 
Contaminant: AC Coarse 2 

Flo\< Rate Per Iftiit: 2»21 gpm/in 
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TABluE B-8 i 

■i 

CONTAMINANT TOLERANCE OP 200 X 14 00 TDDW WIRE CLOTH j 

. Fluid: Deionized VJater | 

Contaminant: AC Coarse Dust | 
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TABL£ B-XO 



Fluid: Deionised Keter 
Contaminant ; AC Coarse Dust 
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TABLE B-17 

COWTAMIMAWT TOLERANCE OF TDEW WIHE CLOTH BSIMQ JP«^ 
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TABtE B-19 


0? TDS« l.T-!n m t^ilF. OUCOl, »NP. WTO 
(35V65S by weight) 


Contaiainant ; AC Coarse Dust 
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B«20 

CONTAWIWAWT TOLERAWCE OF PLAIN PWCH SIMPLE WEAVE WIRE CI«OTO 

Fluid: Ethylene Glycol It Water (35>/65< by Weight) 

Contaminant: AC Coaree Dust 
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TABU. B26 

C O\TAMI.V.\\T TOURWrF. OF 525 x 2500 TD^ 

WTO ppo (roT.YrinyouNi- oxipf.) and katcr 

' 1'einpe r'aturo'; 7 S* P 
Flow Rate: Noted 
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TABLE B-27 

CONTAMINANT TOLERAN’CE OF 52S x 2300 TWILLED 
DUTCH DOUBLE WEAVE WIRE CLOTH 


Fluid: Deionized Water 
Temperature; 70 ®F 
Contaminant; V/STF Dust (310 -FTP) 


Time 

Interval 

2 Minutes 

Between 

Add 

Accum 

Accum • 

Net ' 

Size 

Add 

Add , ; 

AP 

ng* 

B»g. 

mg/in^ i 

r 

psid 


Flow: 3.5 gpm 

Flow/Unit Area: 2.2 gpn/in^ 
System Tare: 0.83 psid 
Screen Area: 1.584 in^ 


0 

0 

0 

3.77 

2.5 

2.5 

1.6 

3.97 

2.5 

5.0 

3.2 

4.02 

2.5 

7.5 

4.7 

4,07 

2.5 

10.0 

6.3 

4.17 

2.5 

12.5 

7.9 

4.27 

2.5 

15.0 

9.5 

4.32 

2.5 

17.5 

11.0 

1 

4.37 

j 

2.5 

20.0 

) 

j 12.6 

j 4.47 

1 

2.5 

! 22.5 

1 

; 14.2 

1 

i 4.52 

1 

2.5 

; 25.0 

• 15.8 

■ 4.57 j 

2.5 

j 

' 27.5 

i 

‘ 17.4 

: 4,62 

j 

5.0 

32.5 

! 20.5 

j 4.87 

5.0 

1 37.5 

\ 

23.7 

JL 

! 5.02 

t 

• — ^ 


Add ' 
Size ; 
mg. 1 

1 

Accum ; 
Add 
mg. 

Accum 1 
Add , 1 
mg/in^ ! 

Net 
AP : 
psid ; 

10.0 

1 

47.5 j 

30.0 

5.37 

10.0 

57.5 

36.3 

5.77 

10.0 

67.5 

42.6 

6.37 

20.0 

87.5 

55.2 

7,07 

20.0 

107.5 

67.9 

8,27 

20.0 

1 

127.5 

80.5 

9.17 

30.0 

157.5 

99.4 

11.17 

30.0 

187.5 

1 118.4 

14,67 

50.0 

237.5 

* 149.9 
i 

19,67 

j 

50.0 

1 287.5 

1 

j 181.5 

1 26.37 

50.0 

^ 337.5 

; 213.1 

j 34.67 

1 

50.0 

387.5 

j 

i 244.6 

: 43,67 

1 

50.0 

j 437.5 

A. . 1 , 1 .. 

1 

1 276.2 

i 54.17 

1 
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Table. B-29 


»LOW REStSTASCF. OF HAIN MITCH SIXCIE KPAVt KtRE CIOTH 

Fluids Deldnlzfd w«ttr 
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TABLE B-31 
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NSCISH UNITS 



METRIC UNITS 


ynalloy 

-3 


0.174 

0.475 

0.724 

0.972 

1.24 

1.53 

1.79 

2.14 


alloy 


ynalloy 

-5 


ynalloy 


Dynalloy 

X-ll 


; 0.01 
• 0.03 
: 0.06 
i 0.09 
: 0.14 
, 0.18 
‘ 0.24 
1 0.30 
! 0.37 


! 0.45 I 30.9 


' 

3.8 

11.4 

15.1 
18.9 
22.7 

26.5 
30.3 

34.1 
n - Q 

0.37 : 0.001 

0.74 i 0.002 
1,11 ! 0.004 

1.48 ' 0.006 

1.85 ' 0.010 

2.22 ; 0.013 

2.59 I 0.017 
2.96 1 0.021 

i 3.33 i 0.026 
3.70 . 0.032 

0.082 

0.193 

0.297 

0.397 

0.508 

0.631 

0.750 

0.872 

0.995 

1.15 

ii’s ’ 4.07 0.037 

! 1,28 




0.001 

0.002 

0.004 

0.006 

0.010 

0.013 

0.017 

0.021 

0.026 

0.032 

0.037 


0.048 

0.097 

0.149 

0.2'.8 

0.275 

0.338 

0.412 

0.490 

0.560 

0.635 

0.713 


0.004 

0.019 

0.033 

0.045 

0.059 

0.078 

0.093 

0.115 

0.134 

0.156 

0.182 


Dynalloy 



0.001 ! 0.003 
0.002 > 0.011 


0.222 

0.030 

0.041 

0.056 

0.067 

0.085 

0,100 

0.119 


1.0 

2.0 

3.0 ! 

4.0 I 

5.0 ! 

6.0 

7.0 

8.0 

9.0 

10.0 





-A 
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TABLE B -35 

PLOW RggTSTANCE OP POV7DERED METAL FILTERS 






Mott 


. gpm 


Filter 

Flow 


9 

Grade I 

gP® j 

in^ 


Tare ; Net i Flow 

AP, i AP, Temp j liters 




1.0 1 

0.63 ! 

0.06 

1.4 

78 

2.5 ; 

: 1.58 

0.35 

( 5.4 

78 

3.5 

2.21 

0.65 

1 9.1 

78 

6.0 

3.79 ! 

1.80 

21.2 

78 

8.0 

5.05 > 

3.10 

35.4 

78 

10.4 

6.57 

! 5.20 

54.8 

78 


liters 

/min/ 


Tare 

AP 

kg/ cm2 


3.79 

0.37 

9.46 

0.93 

13.2 

1.30 

22.7 

2.22 

30.3 

2.96 

33.8 

3.30 

3.79 

0.37 

4.69 

0.46 

9.46 1 

0.93 

13.2 

1.30 

17 . 0 , 

1.67 

22.7 

2.22 

30.3 

2.96 

34.4 

3.37 

3.79 

0.37 

9.46 

0.93 

13.2 

1.30 

22.7 

2.22 

30.3 

2.96 

39.4 

3.85 

3.79 

0.37 

9.46 

0.93 

13.2 

1.30 

22.7 

2.22 

30.3 

2.96 

39.4 

J 

3.85 


.004 

.025 

.046 

.127 

.218 

.267 


.004 

.006 

.025 

.046 

.074 

.127 

.218 

.274 


.004 

.025 

.046 

.127 

.218 

.366 


.004 

.025 

.046 

.127 

.218 

.366 


1.19 ' 25.0 

2.37 25.3 

3.68 25.3 

5.89 1 26.1 


25.5 

25.6 
25.5 


25.5 

25. 5 

25.6 
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TABI£ B-38 

Plow PESISTAXCE OF PDSW KtRE CLOTH 


PluUt HtL>H«S606 Hydraulic Fluid 


BNCLISH UNITS 















































































































































TABLE B-41 

FLOW RESISTANCE OF VARIOUS FILTER MEDIA WITH JP-4 FLUID 


ENGLISH UNITS 


Grade Of 
Wire Cloth 


Flow Rate j Tare ! Net 

1 — < I AP,, Temp 

gpm ! gpa/in : paid ; paid *F 


200 X 200 
Plain Square 
Meah 


400 X 400 
Twilled Square 
Mesh 


80 X 400 
PDSW 


165 X 800 
PDSW 



.03 ! 0.02 
.04 Q.OS 


.10 j 0.09 
.16 0.16 


.32 I 0.23 
0.63 I 0.52 



0.03 0.02 

0.06 ' 0.06 
0.10 0.12 
0.16 0.18 
0.32 0.31 

67 1.04 



0.03 I 0.09 
0.06 i 0.16 


0.10 0.24 

0.17 0.37 


0.33 j 0.6S 
0.67 , 1.33 



0.03 0.27 

.06 0.5S 


.10 I 0.75 
.16 i 1.04 


.32 ! 1.51 
.58 ! 2.12 



164 X 1400 
TDDW 



1.93 I 0.06 
2.53 0.10 


0.03 0.52 
0.06 0.86 
0.10 1.3 


6.22 I 0.62 


1.26 I 0.03 i 
1.91 ! 0.06 ! 


1.2 ! 88 





BBPKODDCffilLOT OP TOE 

ORIGINAJj l"A.GE IS POOR 


METRIC UNITS 


Flow 

Rate 

Tare 

Net 


1/min 


» 2 

1/min 

cm 

kg/cn^ 

kg/cm^ 

i' 7.95 

0.78 

0.002 

0.001 

I 9.84 

0.96 

0.003 

0.004 

! 15.0 

1.46 

0.007 

0.006 

19.3 

1.89 

0.011 

0.011 

26.7 

2.61 

0.022 

0.020 

37.8 

3.70 

0.S44 

0.037 



0.74 

1.11 

1.44 

1.85 

2.56 

3.81 



0.001 

0.004 

0.008 

0.013 

0.022 

0.073 


0.002 
0.004 
! 0.007 
0.012 


0.006 

0.011 


0.76 
1.17. 
1.48 
1.87 
2.56 
! 3.53 


0.046 

i 30.0 

0.094 

! 31,7 



0.019 28.9 

0.'/39 i 29.4 
0.053 I 29.4; 
0.073 I 30.6; 
0.106 i 31.7; 
0.149 1 29.4! 









































Sample Number 


Inlet 

Press. Flow, 
sia SCFM 


SCFM 



0.84 2.53 
1.76 5.30 
2.65 7.98 
3.06 9.22 
4.25 12.80 




Tare 

Net 

psid p 


I Avg . 

Net /iPI Temp! 

op psid 





1500 


2.71 .087 
3.76 .130 


0.62 .024 
0.94 ..047 
1.88 .145 
2.82 .28 
3.76 .45 
4.43 .59 


0.06 

0.22 

0.52 

0.71 


0.1 

0.26 

0.37 

0.95 

1.5 


.010 

.065 

.137 

.173 

.390 


.056 

.113 

.455 

1.12 

2.05 

2.91 


.100 

.380 

.880 

1.39 

2.95 






.015 

.075 

,137 

.173 

.390 


.056 

.093 

.475 

1.17 

2.15 

3.11 


.100 

,410 

.980 

1.79 

3.05 




.013 

.070 

.137 

.173 

.390 


.056 72 

.103 72 

.465 71.5 

1.15 69.5 

2.10 67 

3.01 65 



.100 

.395 

.930 

1.59 


75 

73.5 

73 




3.00 70.5 


76 

75 

74.5 

75.5 

73.5 
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TABLE 3-43 

FLOW t?ESTSTANCE OF 80 x 700 TDDW WIRE CLOTH 


Fluid: Gaseous Nitrogen 


Sample Number 


Flow. I SCF.M 
SCF 



0.84 2.53 

1.76 5.30 


2.65 7.98 

3.06 9.22 


4.25 12.80 




8.6 

16.7 
25.3 
29.9 

42.8 


1500 



Tare 

AP 

psid 


.005 
,025 
.063 
,087 
3.76| .180 



C.62 .024 
0.94 -.047 
1.88 .145 
2.82 .28 
3.76 ,45 
4.43 .59 


.06 
.22 
,52 
0.71 
5 


76.8 

0.75 

1.25 

0.1 

128 

0.26 

160 

1.57 

0,37 

256 

2,51 

3.01 

0.95 

507 

l.S 

401 

3.93 

2.4 


.036 

,103 

.435 

1.02 

1.85 

2.71 


.095 

.370 

.830 

1.14 

2.55 


0.34 

1.04 

1.23 

3.35 

4.30 

8.60 


0.33 

0.99 

1 . 

3.35 

4.25 

8.60 


Avg. 

AP 

psid 




.025 
.075 
.142 75.5 

.178 75.5 

.390 75.5 


.046 
.113 
.425 
1.02 , 
1.8S 73 

2.66 71 


.098 75.5 

.375 74 


.780 71.5 


2.55 67.5 


0.34 

1.02 

1.28 

3.35 

4.28 

8.60 


mswimmmsmmm 














































TABLE B-44 

m.nw resistance OP 165 x 1400 TDD’.V V/II^E CI.OTH 
~ i’luid: Gaseous Nitrogen 


Sample Nuniber 


Inlet 

Press. Flow, 
psia SCFM 


Tare i 

SCFM ACFM /iP Net Temp Net AP Temp 
liT” psid' °F ..psid F_ 


0.84 2.53 

1.76 S.30 























TABX£ B”45 


FLOW RESISTANCE OF 52S x 2301 
Fluid; Gaseous Nit: 


Inlet 

Press. 

psia 

1 

Flotv, 

SCFM 

SCFM 

in^ 

ACFM 

~2 

in 

Tare 

AP 

psid 

Sai 

1 

Net AP 
psid 



0.84 

2.53 

0.74 

.005 

.105 



1.76 

S.30 

1.56 

.025 

.245 


50 

2.65 

7.98 

2.35 

.063 

.417 



3.06 

9.22 

2.71 

.087 

.503 



4. 25 

12.80 

3.76 

.180 

.920 



5.6 

16.9 

0.62 

.024 

.096 



8.5 

25.6 

0,94 

..047 

.223 


400 

17,0 

51.2 

1.88 

.145 

.765 



.25.5 

76,8 

2.82 

.28 

1.72 



34.0 

102.4 

5.76 

.45 

3.05 



40.0 

120,4 

4.43 

.59 

4.21 



8.6 

25.9 

C.76 

0.06 

.19 



16.7 

50.3 

1.48 

0.22 

.64 


SOO 

25.3 

76.2 

2.24 

0.52 

1.38 



29.9 

90.1 

2,65 

0.71 

1.94 



42.8 

1 

128.9 

3.79 

1.45 

4.05 



25.5 

76.8 

0.75 

0.1 

0.54 



42.5 

.128 

1.25 

0.26 

1.59 


ISOO 

55.0 

160 

1.57 

0.37 

2.05 



S5.0 

256 

2.51 

0.95 

4.55 



102 

307 

3.01 

l.S 

7.00 



133 

401 

3 . 93 

2.4 

12.1 



7 <» 














1 


TABLE B-46 

PtoK nrstSTA\ct. OP so « Jso tppw pi-okint. OAStnus oxYCgg 
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Grade Of 
Wire Cloth 


Inlet 

Press 

psia 



Plox ^ 

SCPM 


1.40 

2.20 

2.70 

3.22 

4.55 


11.3 

15.0 

22.4 
29.7 

35.0 


1.40 

2.20 

2.79 

3.22 

v^55 


11.3 

15.0 

22.4 
29.7 

35.0 


1.40 

2.20 

2.70 

3.22 

4.55 


11.3 

15.0 

22.4 
29.7 

35.0 


11.3 

15.0 

22.4 
29.7 

35.0 


SCEM ACEH 

in^ In^ 


3.78 

5.93 

7.28 

8.69 


30.5 

40.5 
60.4 


I 80.1 


94.4 


3.78 

5.93 


8.69 

12.27 


3 

4 

60.4 
80.1 

94.4 


3.78 

5.93 

7.28 

8.69 

12,27 


30.5 

40.5 

60.4 
80.1 

94.4 


1.40 
2.20 
2.70 1 
3.22 
4.55 


1.11 

1.74 

2.14 

2.55 


12 . 27 - ; 3.61 


1.12 

1.49 

2.22 

2.94 

3.47 


1.11 

1.74 


7.28 ! 2.14 


2.55 

3.61 


1.12 

1.49 

2.22 

2.94 

3.47 


1.11 

1.74 

2.14 

2.55 

3.61 


1.12 

1.49 

2.22 

2.94 

3.47 



Tare 

ilP 

psid 


Net ^P 
psid 


0 

0.010 

0.015 

0.0215 

0.030 


0.17 

0.26 

0.305 

0.358 

0.46 


0.025 

0.045 

0.09 

0.17 

0.19 


0 

0.010 

0.015 

0.0215 

0.030 


.025 
.045 
0.09 
0.17 
0.19 


0 

0.010 

0.015 

0.0215 

0.030 


:Ti^. '• 


0.195 

0.265 

0.43 

0.60 

0.77 


0.06 

0.08 

0.10 

0.118 

0.16 


0.062 


0.095 

0.15 

0.19 

0.27 


0.03 

0.045 

0.055 

0.068 

0.090 


0.025 1 

i 0.045 

0.045 1 

0.065 


0.120 

0.17 

0.180 

0.19 

1 0.280 



0.019 

c.oio ; 

0.0255 

0.015 ! 

0.032 

0.0215 

0.040 

0.030 



gemp 





25 

0.033 

0.0 

45 

0.050 

! 0.0 

9 

0.105 

0.1 

7 

0.160 

I 0.1 

1 

9 1 

( 

1 

1 0.272 

1 

i 


/• j 'VV' ' v/jf 
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TABLE B-54 

FLOW BBSTSTANCE OF 80 X 70C TDDtf FLOWING GASEOUS tlYSROGEN 
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79.4 

.76 1 

80.6 1 
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♦ For I-N2 at -315®F S.C. = 0. 789: cp = 0. !35 
N»'t Differential Pressure = 0. 019Q ♦ 0. 004Q 
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TMBLE B-59 

UQOXO MITROGBit WlOt MCSISTMICB VESTS 
2 X 120 X 650 PSSW 
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TABIS B-60 

UQUXD HXnOGBII TWH RBUXSTMICB TB8T8 
30 X 3S0 TOOW 
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-311 62.4 

For LN 2 »t -311®F S. G. = 0.779; CP - 0. 120 

Net Differential Pressure » 0.07Q^ + 0. 06Q 


TABLE B-62 

LXQUXO HZntOGSlI FLOW RBSIff 
•0 X 700 ram 
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For LN 2 at - 308 ®F S.C. = 0. 772; cp = 0. II 
Net Differential Pressure » 0. Il(^ + 0.02Q 


!CMBLB B-63 

UQOXO MZTJtOGSM nOH RBSSStlMCK fBSTS 
325 X 2300 rOSM 
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LN ot .3!4®F - S.G. = 0.786; cp = 0.131 
Kf^rcntial Pressure = 0.150^ ♦ 0. 19Q 



Dif(«r«ntial Pr«M«r« (PSZD) - -0.0a4M98«84 ♦ 0.0127195544 (CPH/iA>) ♦ 0.031447175C (6l>M/in< 
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SPECIFIC 

i .. .,i A 

GRAVITY OP LIQUID OXYGEN 

Temperature 

Specific 

(opj 

Gravity 

-349.4 

1.236 

-342.2 

1.244 

-333.2 

1.221 

-315.2 

1.173 

-306.2 

1.150 

-297.2 

1.125 

-245.7 

0.961 

-219.9 

0.861 

-201.4 

0.767 

-189.5 

0.668 

-184.3 

0.594 


Specific Gravity ■ -1,097528 - 0.01241266 (•P) 

-0.0000164187 (®P)2 


Source: Design Data for Pressurized Gas Syst^s 

Stanford Research Institute 




VISCOSITY OP 

LIQUID OXYGEN 

Temperature 

Viscosity 

(“P) 

(^) 

-320.28 

0.273 

-315.6 

0.250 

-297.6 

0.190 

-259.8 

0.123 

-233.16 

0.110 

Viu.cosity (cp) « 

1.2139 + 0.0095327939 


+ 0.0000205387 (®P) 
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nST PBOCSDUSBS 
8BCTZ0N C 


TO-1 flow Toot 

W-2 contaainont Toloranco and Tranwiaalon Teat. 


U8T Of fZGUKSS. 


C-1 f lof * 

C-a Oontaainant Tolarance and Tranaaiaoion Taat Schaaatie. 


f 


. . L 


<jL. 


1 

i 


1 


I 



1.0 


2.0 


3.0 


3.1 


3.1.1 


3.1.2 


3.2 


3.2.1 


3.3 


3.3.1 


3.3.1.1 


( 


I 


TP-1 

FION RSSXSTAMCS TEST 


SCOPE 

This proe«dor« d«scrlb«B th« t«»t Mthodi «nd equlpiwnt to b« used In detexnin- 
inf the flow resistance (pressure drop) characteristics of various filter nedia 
in a liquid flow systes. This procedure nay also be used for detemininq the 
flow resistance of filter assenbliea. 

TEST LIQOIOS 

Any liquid of interest nay be used for testing.- However, special precautions 
■ust be taken when testing with toxic* f lasnable or cyrogenie liquids. 

' 

PEOCEDqEB 

General ' 

The equipnent schematic is shown in Figure 1. ' 

Mhen testing filter media alone, it is necessary to provide a holding fixture 
or case to enclose the nedia sanq>lr». ii/‘ilter assemblies nay be connected direct- 
ly into the test system. 

Test Set-Op 

The test iten is installed in the test systen with piezometer tubes attached 
directly to the inlet and outlet ports of the test Iten. The piez<xneter pres- 
sure tap must be located at least four (4) tinea the tube inside diameter up- 
stream and at least ten (10) times the tube inside diameter downstream of any 
other connection using straight rigid lines. 

Pressure Drop Measurement 

Cross Pressure Drop 

With the test item installed in the system, start flow and slowly increase to 
the maximum flow rate to be measured. It is essential that all air be driven _ 
through the filter medium to avoid "blinding" of the medium. To force air 
through a fine screen, it is necessary to develop a differential* pressure 
across the scree n in excess of the bubble- point pressure of the screen. Normal- 
ly. for media as fine as 5 or 10 microns average pore size, a differential 
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3.3. 1.3 


3.3.1.S 


3.3.2 


3.3. 2.1 


3.3. 2.2 


3.3.2.3 


3.3.3 


3. 3. 3.1 


of 2 Mio -ie> »•“' •»« » 
to fore* *11 »i* through tho Mdio. 


,« u» flo. .t tho -.iw- *.1<» «“ 

»<»,« th. p~..or. aHf.t.»c. b.»».n «» op.tr«. t«». 


,.p«t th. ptoo... of .MblUtih. flo. «< t.oor4lw p.««o. 1«P « • 
of .t l...t flv, (5) Wolfoa .Mpt. *hi. .Ill pro«d. fl.o PlPttihf 

poiht. to pto.lto • «r«h of flo. r.M vt. ptotooi. top. Mot. flo. '.tw.- 
thtoofh th. flo. i~g. .ill P'«»“* “««•“ Ploiilhf 


Afttr tto>ral.« th. pt....!. to® for th. lo«.t flo. point, inot.... flo. In 
« aorios of stop* In rovorae order to those selected in 3. 3. 1.3. 


the pressure dreg vs. flcr^r rets deteralneUons recorded In 3.3.1. 4 «ust cos«>ere 
f«or-.ly (.ithin l.-..tt»-nt.tio» «d —wt—nt tol.t««..) ~ thow ohtano. 
In 2.3.I.5. Mifhw pr...«i. *«P t.tfinfn obtan.4 in 3.J.1.4 inUont. progtM- 
.l« cloMin, of th. filt« ...i. ».« i. . t..«lt Of «,nt«iln.tlon of th. flo. 
wnt«. It i. ....n.1.1 th.t th. upnttto. •olto.-np fUt.f h. 0.P-.1. of to- 
Mvnl of .11 pKtlcolnt. cont«lnM.t .hloh «nl« h. tt.pp.a hy th. t..t tt». 


Tsre Pressure Drop 


As the total pressure drop seesured In 3.3.1 Includes the flow lines between 
th. pt...«. Mp. th. flo. p..«g. of th. «..ol~n holto or flit., honoin,. 
It in n~.».ty to aoMmin. th. portion of tot.1 pt...«t. arop contribntna b. 


these item. 


M«V. th. t.«.a flltor «au fro. th. .p.ol«n hoia.r. (If ~p.rnbl. flltor 

r <•<<.. u. boln, t..t.a. r«»v. th. fllMt .l«.nt from th. ...anbly) • 

......... th. Mpty hoiaor or flltor boay in th. t..t .y.t» o«.ctly .. in.t.1- 


led for the screen test. 


Kopeet the flow vs. pressure drop deterwinetlon of 3. 3. 1.2 end 3. 3. 1.3 to deter 
•ine thu pressure drop caused by the systoa and specimen housin?. 


Determination of Hat Pressure Drop 


Subtract the value of the tare pressure drop form the value of the gross pres- 
.«. arop to a.t.rmln., th. pro..to arop .....a by th. t..t.a .cr..n ..mpl. or 


filter element. 






1 


4 


i 

i 






If tlM 9*o«« pMMor* «»op Md drop. *.r. r*cordod «t dl£f.r.nt 

flw rat... it i. n.e..w to plot th. data for aaeh point, draw »ooth curv.. 
eoaiMOtiag th. point, and rwid off tiia pr..wir. drop. corxa.ponding to «p«sific 
£l«r point.. Subtraction of tar. fron grea. raading. will provid. data point, 
for plotting "nat" pr...ur. drop. 
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CORMIXMAirr TOUERMiCB AMS T8MISMXSSZ0H TSS7 


SCOPE 

Bit* peocedur* d«£in«s a Mthod of datoraining the xesultant iacraaaa in differ- 
ential prasauxa acroaa a filter »edi«a at a specific flow rate of test fluid 
caused by injection of controlled amounts of test contaminant into the flow sys- 
tem upstream of the filter. In addition, by sampling the effluent fluid, the 
siss of psTticle trsnsmittsd through the filter may be determined as 
well as the resultant contaminant distribution in the filter effluent. The 
test fluid must be specified as well as the aet-t^ and test contaminant. Re- 
sults will vary using different test fluids, contasiinants , or cleanup filters. 

BQOIgHEMT 

The schematic of a typical test system is shewn in Figure 1. 

TEST VARIATXOMS 
Clean-UD Filters 

The schematic of Figure 1 shows a clean-up filter Installed upstream of the dust 
addition valve. The test may be run with or without a clean-up filter in the 
flow circuit. 

Blether or not the clean-up filter is in the circuit depends on the end usage 
of the filter being tested. If the unit is to be used as the main (mass) fil- 
ter in a recirculating hydraulic system with return reservoir, the clean-up 
f^Xter should bo by-passed during the test to simulate actual system conditions. 
If ttie filter end usage is in a propellant or gas system where fluid passing 
through is expended, a clean— up filter must be in the- circuit during test. 

The reason for the above variation in test set-up is that in a recirculating 
system, fine particles that may initially pass through the clean filter will be 
carried by the recirculating fluid and be brought back to the filter that has 
Income partially clogged and operates as a finer filter than when in the clean 
condition. The fine material will now be trapped adding to the pressure differ- 
ential across the filter. 

In a non- recirculating system such as gas pressurixation or propellant, the fluid 
and particles that once pass through the filter ate expended and cannot return. 
jSh« clean-up filter muat effectively trap theae fina particlea in order to simu- 


iMtm tte op«r«tin 9 condition* of non-roolreuloting •ystoiu. 

tiM tost report oust specify the type and rstin? of the elean»up filter if 
used daring the. test. 

Contssiinsnt Addition Methods 

Test eontsainant say be added continuously or in a series of ineresMintal adds. 
Morsally. a siniaus of five (5) adds are required at a aaxiaua time interval of 
four (4J adnutes each. 

The eontaainant used for testing aay be varied • but the specification or part'’ 
id* sis* analysis of the test eontaainant must be recorded together with batch 
auaber, lot nunber, etc. 

PROCgQOHB 

flystea Pressure Prop (Tare) 

With the clean«up filter in the circuit, establish flow and sample the fluid 
until it is determined to be olevi. 

Install the test specimen or the filter housing with no filter media and estab- 
lish flow at the specified flow rat*. Record pressure drop between the pressure 
taps. This is the *tare* pressure drop and represents that portion of the total 
or "gross" pressor* drop contributed by the flow lines and screen holder or fil- 
ter housing. 

Ciross Pressure Drop 

Install the filter nediua to be tested in its holder or the element in its hous- 
ing and establish flow at the specified flow rat*. 

The clean-up filter nay be left in the circuit or by-passed depending on the 
type of test being conducted (See Paragraph 3.0). 

Teat contaminant, pre-weighed in individual containers or fed from a continuous 
injection system is added through the dust valve or injection mechanism without 
changing flow rat*. It is necessary to control flow rate Ly adjustment of the 
^rottle valve as the differential pressure rises across the test specimen. 

After each incremental addition, observation of the differential pressure gag* 
will indicate stabilization of pressure drop. Each addition will cause an abrupt 
increase of pressure drop followed by a slight rise as the contaminant settles 
into the filter medium. After atabilisation occurs, the next incremental add 
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4.4.1 




is Mds and tills process is rspssted until the desired anount of contasdnant 
is injected or the desired differential pressure is reached. 


After each increaental addition of ecntaainant and stahilisation of pressure 


differential, record the aaount of contasiinant added, the tisM of addition, the 


flow rate, pressure drop and teaqperature of the test fluid. 


Hat Pressure Prop 


The net pressure drop of the filter medium is determined by subtracting the 
"tare” pressure drop at the specified flcrw rate from each of the gross pressure 


drop readings obtained in 4.2. 


Transtiasion l^st 


Test Variations 


The test may be conducted by continuous saspling of filter effluent or inter* 


ttittant sampling. 


4. 4. 1.1 Continuous Sample 


4. 4. 1.1.1 As shown in Figure 1, a sampling port and mesibrane filter holder is located 


downstream of the test specimen. During the entire tolerance capacity test, a 
oontinuous sample of effluent fluid is withdrawn and filtered through the in- 
place SMsbrane filter. The detailed operational procedure is as followsi 


a) Bstablish flow through the system at ti.e desired flow rate with the test 
speciaien installed. Open sampler shut off valve. 


b) With a 3.0 micron or finer membrane filter installed in the membrane filter 


holder at the sampling port, begin flow through the membrane filtpr of at 
least 50 ml per minute, l^rovide a container at the downstream side of the 


membrane filter to collect the sample effluent. Control sample flow rate 


by Bteans of sample flow control valve. 


c) Conduct contaminant tolerance test in accordance with paragraph 4.2. 


d) At the conclusion of the contaminant tolerance test, remove the membrane 


filter holder from the system and examine microscopically in accordance 


with the procedure of SA£ ASP 59 B to determine the largest particle trans- 


mitted and/or the particle sixe distribution of the sample. 


a) Record largest particle and/or particle distribution, flow rata, temperature 


^'.1 .a litaiJ- rSt IfTailiinasrftAtrf Armr^rtWtrtiiniSiiiri'i 




1 


tgetAl turn ot t««t, tent fluid* total voluM of aai^lo* and typo of 
oontaAlaant uaad. 

4. 4.1. a Xntantittant Taat 

4.4. 1.2.1 Tho taat. la bofim aa in atop (a) of 4. 4. 1.1.1* axeapt that flow, through tho 

aaaqplar ia atartad 10 to 15 aooonda prior to tho flrat contasinant addition 

and aaiiplo flow ia atoppad ono (1) oinuta aftar aaeh oontaainant add ia oada. 

a) With naaibrano filter inatalled as in atop (a) of 4. 4. 1.1.1* aatabliah 
ayataa flow at dosirad rata and open sampler shut-o.*f valve. 

b) 10 to 15 aeeonda prior to the firat eontaadhant add* open the aaapling 
fl« t control valve and begin aaaple flow through the oeabrane filter at 
SO Bil^nute oiniBiua. 

o) Make firat oontaoinant add. 

d) One ainuta after the firat add, oloaa aaaple valva. 

a) Open aaaipla valva 10 to 15 aaoonda prior to aaeh auoeaaaiva oontaoinant 
add and eloae one ainuto aftar each eontaadnant add. 


MOTBt If contaminant ia added at approximately one (1) to two (2) minute in- 
tervale or if a continuoua addition ayatem ia uded* the aaiig>le valve 
may be left open throughout the entire teat. 

f) Saaove tho filter membrane holder and examine microacopically for largeat 
particle aixe per SAB ABP 598. 

g) Record largeat particle size* teat fluid* flow rate* number of contaminant 
adda* temperature* total weight of contaminant added* and type of contaminant 
uaed. 
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TIMM or COMTSOTS 

DiVBXiOriim or a contxiiooolB cohtahihakt addbr 

SfCTXON 0 

1 . 

2. Inscription and 

^ 3 . tsst Progtsa. 

i 

t 

I LIST or rioupss 

i 

I D-l ContinueuB coataainant Addar Asaaatoly • • 

t 0-2 Blow Down Syatan Schaaatic .Osing Continuous contaminant Addar. 

; p >3 Continuous Contaminant Addar mad Rata Tasts 

^4 Continuous Contaminant Addar AssanOly Systaa Installation Drawing- Cryoganic 
I 0-5 OO 2 and ti 02 Systaa (*r8Tr) 

tin OP SABLES 

? 

r 

; 0^1 Rapaatability of Dirt Addar Xnjaotor Loads 

■ 0-2 Continuous Contaminant Addar Load Rata 




OmMPNSMT or A C0l»ltTO0«8 COHTWUNAMT A»OBR 


IZ. t- — “• 

th. It 1. i^totiotl «o. ».. .!«. totic. «1— -I* « 

Bltiid*. 

«»«.«, . *.i — -ttct cti»..«.i. 

. «»t.«.t ». =»t~u.tt. ..t. t. . .ittit, nuio «««■ 

t» n«»Mlty o« opwiw th. WM. to .M l»or«nt. »t oont »« 

^ tout-., ft. to t. o«.«f .it. ctyoo-i. 

-of f tioooo. l.l..tl- .« c-t—t. ofly f ooniitioo. 

MdBtiBf In «ct«*l lystBM. 

*> ft ***® OPBKKI^ . . . 

Z ft-if t oft^f ly i» ■>-> •• ‘ 

.,..4 DC -tot (i) fftln, «.«-!> . US »« -P.- ; 

M f oo-U- touf . it .i.~- «• ““ * , 

4.0 -Of., <.). « th. fit ( 7 , tout,. -4 .^-c. f ,i.f <« . 1.0 tout.. 

f-c- ft-y fotoio, U. «»t-ln.o. Pl.o.0 f». «•» oottP*' <”> 

ZZo, . Pif a — ly. f .ft .7, .1.0 tou. f .If. .«.• ** -. tout.., 
tM «-«t (7) -4 f .1..V. t«). th. o«>t«.ln»t 1. .4V.00.4 -11. toUtln,. 
t- oont-lft oonuot. f f U <»>. « Of !»« th. u«lo.l hoX. of th. ho y 
U„ lUlt -itoho. (11. -. Ptovi4.4 to ptoolf -bottooio. oof o. oo-oo«.t. 

■.Ithvt 4.tf lo.. Th. -Oht ,2S. .tt.oh..th. ho4y (14. .oO int.tn.1 oofh-t. to^ 

U. ohf.t ..11 .ta . 1.0 ptooia.. . ...Oha-ty .«Uh, p“ “ f “ 

>aai> o£ th« piBton (3) or aleave (28), tha leaking flul 
i# laakaad occur# p##t; the 88#1# of tUi P 

“irhTLt .4 u .-..Phot, hy -. o. . lit. it- - 

«« oh«b.t ..11. Thl. 1. . ..f.ty «..t.t. ooly. .0 lofP* »' »•• ’ 

ohf.t o.h .If «.. ifia 1.V.1 to ti.. ..a ..t th. o.ht-i..»t. A .p.oi .1 too. 

40.1,.- to ,-iltt.t. t.-v.l O, th. pl.ton (3. .04 .If. (3« ...fly «t ‘ . 00 

^ will out durina removal* 

^ 4 .««i aiflo aasurea that no contaminant will ran »« v 

of tlia teat run. Tha tool aiao rnmmuEmm ^ • 

«„ ptlooip.1 ,..t.t. inootpo..t.a lot. th. oont-io-t .44.t a..l 9 o U th. t. .t .. y 
loo, f t*o.l hol. 1. th. ho4y (1. .hich ..tv.. .. . ooottolloa oil.,. oo-.tfot. 
fotioo 1. to -mum th. ooot»m.ot m . ary oonaitmo mtof o.t th. «.t. 
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Shut-Off Valve 



FIGURE D-2 

blow down system schematic 

IG CONTINUOUS CONTAMINANT ADDER 





jl 


^ 0-a ■'*“" rr 

tt. co.tln.ou. .««. prior to Oo,lm.l.« «• •»«* “« “ t- 

..aor t.. .!«. - “* «" ° 

«. .r. olo«a. «» ,« P«« ‘P »• •“« . 

». thl. tl~, 0.1* ,u 0»llc l»r o*ro,..l. toctl.,) U co.tol.od l.tt. «r.t«. • - 

tb« shut off valve end the downetrean flow control valve. 

MU. «» l«l.tod <».t«.l«.t .ddor pr....rl..d to o,.t«. pro..«., th. pr...«lr- 

tl«. or. ..1*. opotro- od «» ““ 7* “ • 

.*.«d. « no- oooor., .0 th. oy.t«. 1. .t b.ltt.=.d pr...«.. Shot o« v.lo. « 

^0 ..d th. no. octroi ,.lvo 1. .10.1* op...d .110.1., Hold to ctor th. tdd.r 

h.lc th. one. ^-r^- “• “ 

CP.C10. OS th. ,« 1. th. .dd.r 0110,0 ohchor, cd no. 1. ct to th. d..lr od r.t. 

.1th th. no. octroi volvo. Ph. Odder ctor drlv. 1. ...r,lr.d cd C t..t OCC.C. 

« o»t«n.«t 1. oddod. th. preor. dlSf.r..tl.l .or... th. t..t opoolc rl.... cd 
the flow control valve gradually open, to maintain the .et flow rate. The flow con r 
cl« 1. ct occtUl to th. toot. .. no. r.t. c. h. octrolUd h* end enlpo .- 
tic o. dc «. It 1. ...c.1.1, ^ocv.r, th.t .11 .10. .dJo.t~.t. h. ococllod 
cr, .10.1* to ovoid . ..ddc drop 1. pr...or. doctren of «d.r dC .1 . 

tor. CO., th. ,« 1. th. oil.,, ohcttor to eped cd h. let 1. th. Hold .tree. 

a.O TSS? PROGRAM ^ j -.a. 

Teete were conducted on the prototype a.aembly by meaauring the amount of con 

.ddC by d,hln, th. .ob-..»cbly oooposC o. Itc 3. H. 13- 13 cd 18, flrot 
Ct*, th.. .lO. « ccr.. Oo.t oowcoed Into th. b.rr.1 o. Itc 28. Mtc • « 

,c torectod, th. .cccbl* ... .,.1. «.l,d. sobtrootlo, th. pct-t..t cl,ht 
dre th. pr.-t..t d,ht provldod c .coorot. cc. of d.t.cl.1., th. tot.1 coc of 
ctclct .ddltlc PCI. b-1 .ho., th. d,ht Of ctclcot oct.l.,d 1. . ful^^^ 
IcdC loLotor. Ph. lolootor ... cptl.d cd wlcdod «. tlm... h 0.2! l»o 
to, ..l,hl., 10.8 ,rc. ... o..d to tep th. oo.tcl.ct lot. th. clt. Ll,ht ocp.o- 
tlo. ... .ohlcc b* U.I., th. «l,ht Of th. tcplo, rod tie. for ocp.de. -d... 
h..v* ocp.otlc «»ld b. Lit. Ph. t..t. lodlctod . hl,h d.,r.. Of ropctClllt, o 

injector loading. 

,„r«..r ...L cr. oedootod eerie th. coct of hc Coe. c.tci...t lotrodocd 
into th. .vote b* th. ...cO.1*. Ph. octcl...t. -r. oboorvod to bo octlhcd* 
lotrodocd. At 1! ccd l.t.rv.1.. r..dl.,o cr. ».d. of th. d,ht of octeient 
deposited on a pan balance. Table D-2 presents the data and Figure D-3 shows the 
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table D-1 



compaction: 10. 8g with 0.25 diameter rod 
Weight of Empty Injector.- 17.5929g 
Average Load| mg. • 729.9 

• Maximum Deviation, I: 1«3 



TABLE D-2 

CONTINUOUS CONTAMINANT ADDER LOAD TESTS 


T^st Run Number 


Dirt 
Time, Add, 
sec mg 


Accum Dirt Accun 
Add Add, Add 

mg *g ®8 


0 

13.6 

67.9 

80.6 
68.2 
71.2 

72.6 

68.0 

68.9 
71,8 

63.7 


0 

13.6 

81.5 

162.1 

230.3 

301. 5 

374.1 

442.1 
Sll.O 
582. 8 

646.5 


152.0 798.5 


0 

47.6 

62.5 
49.4 

63.8 

52.7 
58.3 

52.6 

56.9 

50.7 

58.9 
55.0 


0 

47.6 

110.1 

159.5 

223.3 
276.0 

334.3 
386.9 
443.8 

494.5 
553. 
608. 


76 
54 
64 

47.6 
64.1 
53.9 

61.7 

52.6 

59.8 

48.6 


76.2 

130.6 
195.3 

242.9 

307.0 

360.9 

422.6 
475.2 

535.0 

583.6 


46.5 654. 


83.1 666.7 


Total Run, sec. 

183 

186 

Total Add, mg. 

798.5 

654.9 

Average Add Rate, mg/sec 

4.4 

3.5 

1 Compaction 

Heavy 

Light 


Light 


7 V V ■■(f '- '-i'A • -f* V'* ; i ' v' -V. '’.. f ■ . 

iW'Vj -’i i M j ‘ 'r;"> 'V-f*" '! t - .1, ’ ' I < -ir. ;• J.UU- *»:• ’V * /■ 




\ ..V,, i‘, < ' ; • j:;/' . '.v:,’ •’ 




ooot«ain*nt addition plottod vortu* tlno. The grantor ooopnetion affocto tho rate 
of contaminant addition, but does not change the linearity of addition. 

It can be seen that as much as 000 mg of AC Coarse contaminant can be continuously 
added in approximately 3 minutes duration when operating the motor at 3.8 rpm. Ibis 
exceeds the normal contaminant weight used in moot contaminant tolerance teats and 
should be adequate for any future tests using the same screen area. 

Since these tests showed an excellent degree of repeatability, a micrometer was incor- 
porated into the drive shaft to permit determination of total contaminant added by 
reading the stroke of the piston. This provides an optional means of determining total 
contaminant added. The preferred method would be to merely tine the operating duration 
of the test run and refer to Figure D-3, or equivalent, to read the corresponding accumu- 
lated contaminant. Since contaminant tolerance teste usually are run until a given 
(e.g. 50 paid) pressure drop is achieved, the duration of the test is recorded as the 
pressure drop across the medium rises. Alternately, the output signal of the motor rpm 
and a differential pressure transducer can be connected to an X-V or strip chart recorder. 

The device was installed with associated piping into a large vacuum chamber and shipped 
to the NASA Hhite Sands Test Facility for use in contaminant tolerance tests with cryo- 
genic fluids. Figure D-4 shows the continuous contaminant adder assembly installed in 
the vacuum chamber with the associated plumbing attached. .Ml conqionents shown were 
aaswDbled and shipped with the vacuum chamber to NASA WSTP for cryogenic testing. The 
schematic arrangement of the cryogenic test equipment is shown in Figure D-5. Additional 
tests were conducted at WSTF, but the results were not available at the time the contract 
was cosqtleted. 
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